###### Strengths and limitations of this study

-   A key strength of this study lies in the recruitment of regular patients and controls in primary healthcare, considering major clinically relevant comorbidities and increasing statistical power by an individual 1:1 matching as well as by using questions and tests that could be integrated in the daily work of general practices.

-   Limitations of our study include the selection process of the 12 participating general practitioners who were recruited at various continuing medical education activities, the small number of practices, the over-representation of males in the study group, as well as a relatively low number of patients with chronic obstructive pulmonary disease COPD stage III/IV.

Introduction {#s1}
============

There is increasing evidence that chronic obstructive pulmonary disease (COPD) as a multisystemic disease has a significant number of comorbidities.[@R1] COPD can also directly affect some organ systems including the central nervous system. In patients with severe COPD, a significant decline of the overall cognitive function and especially of the verbal memory can be observed.[@R4]

Special research has also been done on the impact of COPD and chronic hypoxaemia on the auditory function of these patients. Laboratory results showed a statistically significant difference for all auditory measures between patients with COPD and controls, but in general hearing impairment to date was not shown to be clinically relevant in patients with COPD.[@R5] [@R6] Also in stable patients with COPD and mild-to-moderate airflow obstruction, subclinical abnormalities of brainstem auditory evoked potentials have been observed.[@R7] It remains unclear if these results would have any clinical relevance for unselected patients with COPD in all stages in the general practice setting.[@R8] Other chronic conditions such as hypertension, diabetes or cardiovascular disease, which have been shown to deteriorate hearing as well, are frequently met in patients with COPD, making it difficult to judge the role of COPD.[@R9] Therefore, an individual matching of patients suffering from COPD versus controls in the general practice setting was regarded to be most appropriate to answer the research question whether COPD is a significant and relevant risk factor for a hearing disorder to be considered in primary care.

Methods {#s2}
=======

Study design and setting {#s2a}
------------------------

This study is a comparison of individually 1:1 matched patients suffering from COPD to comparable controls according to age and sex without COPD, but alike comorbidities such as hypertension, diabetes, coronary heart disease and chronic heart failure. The aim of this study is to evaluate whether COPD is a clinically relevant risk factor for hearing impairment. The presence of a hearing impairment was detected by questions and tests applicable in general practice.

The main outcome measure is a sensorineural hearing impairment as assessed in bone conduction by pure tone audiometry (PTA) on the better ear using the average of the frequencies 0.5, 1 and 2 kHz. Secondary outcome measures are the results of the whispering voice test (WVT), the Hearing Handicap Inventory for the Elderly Screening Version (HHIE-S) (see online supplementary files 1 and 2) and the answer to three questions concerning self-perceived hearing problems.

Selection of patients with COPD and controls {#s2b}
--------------------------------------------

Included were consecutive patients diagnosed in general practice with COPD stages I--IV (ICD 10: J44.0, J44.1, J44.8, J44.9; ICPC 2: R95) and suitable controls with a minimum age of 35 years recruited by 12 general practitioners (GPs) from their own practices in the province of Lower Austria in the years 2009 and 2010. The GPs were approached by the authors at various continuing medical education activities and asked to participate. The recruitment of patients and controls took place in all 12 surgeries until a statistically sufficient number of 97 cases (clearly surpassing the required minimum of 60) was reached. COPD cases were selected in the order they came to get their regular (not only COPD-specific) prescriptions. Matching controls from the same 12 surgeries were selected by searching the electronic records and randomly allocated to COPD cases. Of the 100 recruited patients with COPD, 3 refused to participate, so finally 97 patients and 97 controls could be included. The diagnosis of COPD required the fulfilling of the GOLD criteria and the affirmation of the diagnosis by a pulmonary physician documented in the electronic record of the participating GP.[@R13] [@R14] Excluded were bedridden patients and patients unable to give their consent (eg, patients with dementia). Controls were matched 1:1 according to age group (range 5 years), sex and the presence of diabetes, hypertension, coronary heart disease and chronic heart failure.

Additionally, all participants were tested by a mobile research team in the respective practice offices using spirometry, audiometry and a questionnaire to assess the actual pulmonary function of patients with COPD, to assure a normal lung function of controls, to assess a possible hearing impairment by bone-conduction and air-conduction PTA and to investigate the impact of a hearing impairment on social life as measured by HHIE-S.

All participants were clinically stable at the time of testing and used their standard medication. The study was approved by the Ethics Committee of Lower Austria. All participants provided written informed consent. Neither the participating GPs nor the tested participants received financial remuneration for their participation.

Spirometry {#s2c}
----------

Forced expiratory volume in 1 s (FEV~1~), forced vital capacity (FVC) and the FEV~1~/FVC ratio were determined (Spirolab III spirometer; Medical International Research (MIR); Rome, Italy). Spirometries were performed by a medical assistant with operating experience over several years. In addition, an extra preparatory training of 3 h was given to consider various aspects of the specific study situation.

Audiometry {#s2d}
----------

The primary outcome measure was a hearing loss in bone conduction assessed by PTA (ST 20 KL audiometer; MAICO Diagnostic GmbH; Berlin, Germany) on the better ear using the frequencies 0.5, 1 and 2 kHz. According to a broadly accepted definition of a sensorineural hearing impairment, the average of the hearing loss at the frequencies of 0.5, 1 and 2 kHz in the better ear was calculated.[@R15] It was also recorded if the patient had a hearing loss exceeding 40 dB at the frequencies of 1 or 2 kHz in both ears or at 1 and 2 kHz in one ear according to the definition of a relevant hearing impairment given by Ventry and Weinstein.[@R16]

Additional questions, testing and application of the HHIE-S questionnaire {#s2e}
-------------------------------------------------------------------------

The patients were asked three questions concerning problems with hearing in general or in a face-to-face or group conversation.[@R17] [@R18] We then applied the WVT,[@R19] [@R20] and asked the patient to complete the Hearing Handicap Inventory for the Elderly, Screening version questionnaire (HHIE-S)[@R21] [@R22] in a validated German language version.[@R23]

Protocol {#s2f}
--------

Patients with COPD and controls were asked to come to the surgery of their GP in the morning of the study day and to take their usual medication. After being informed about the aim of the study and procedures, patients with COPD and controls were asked to sign an informed consent form. Then the demographic and baseline characteristics of the patient with COPD or the control were recorded. This was followed by an inspection of the outer ear canal for a possible obstruction due to ear wax or other abnormalities of the ear canal or eardrum (eg, perforation). Subsequently, the three aforementioned questions concerning a self-perceived hearing disorder were asked, followed by a filling in of the HHIE-S questionnaire and performing the WVT. WVT is an easily applicable screening test for hearing impairment in general medicine. In short: The examiner stands arm's length (0.6 m) behind the seated person and whispers a combination of numbers and letters (eg, 4-K-2) and then asks the patient to repeat the sequence. Each ear is tested separately and the test can be repeated once with a different combination of three numbers/letters. The test is passed if at least three out of a possible six numbers/letters are repeated correctly.

Afterwards, the patient was tested by pure-tone audiometry to detect a hearing loss in air or bone conduction.

Finally, the lung function of patients with COPD and of the controls was tested by spirometry. The whole testing procedure lasted between 25 and 30 min.

All testing was done by the research team consisting of one GP and one practice assistant in the absence of the patient's own GP.

In addition to the demographic and baseline characteristics, the research team recorded the smoking status, an occupational exposure to noise, the body mass index, the O~2~ saturation and the pCO~2~ of the patients with COPD measured in the practice office of the lung specialist within the past 2 years, the usage of a long-term oxygen therapy (LTOT) and the diagnosis of a depression (F32) as defined by ICD-10, as there is strong evidence for a high prevalence of anxiety and depression in chronic breathing disorders as well as for its significant association with subsequent all-cause mortality.

Statistical analysis {#s2g}
--------------------

The data were recorded and analysed using Epi Info, V.3.2.2, CDC, Atlanta, Minitab 17 and the R Language and Environment for Statistical Computing and Graphics, V.2.9. Standard methods are used for the description of the data (frequencies and percentages for categorical data, mean and SD for continuous data). Differences and correlations between groups were calculated by paired t test, χ^2^ test, analysis of variance(ANOVA), Pearson's correlation coefficient and linear regression. Univariate conditional logistic regression analysis for the healthy group and the COPD group was computed for the hearing impairment variables controlling for matching variable age. All other matching variables were perfectly matched and were thus not included in the model. p Values, ORs and the corresponding 95% CIs are reported. Multiple conditional logistic regression analyses were performed for the significant variables.

A p value \<0.05 was considered to indicate statistical significance.

Sample size calculation {#s2h}
-----------------------

Previous audiometries in patients without COPD which were performed due to other reasons resulted in a mean hearing loss of 12.5 dB (SD 11.3). Using a paired t test with a significance level of 0.05 (α) to detect a hearing loss of 18.5 dB in the COPD group compared to 12.5 dB in the control group, assuming an SD of 11.3 dB for both groups, resulted in a total number of 120 (cases and controls) with a statistical power of 80%. The total number of participants in the present study is 194 and clearly surpasses the required minimum. As patients with COPD were matched to controls with regard to age, sex and significant comorbidities, a higher statistical power can be expected.

Results {#s3}
=======

Demographic parameters and proportions of relevant comorbidities of the 12 participating surgeries as well as demographic data of the Austrian population are listed in [table 1](#BMJOPEN2015008247TB1){ref-type="table"}. The participating surgeries show a good comparability in all demographic parameters and the proportion of comorbidities used for matching. It is of interest that the mean age of males and females 35\> years in the surrounding health districts is 59.4 years, whereas the mean age of COPD cases and controls in the investigated surgeries is 65.5 years, which parallels the higher global mean age of 49.6 years found in surgery patients, in comparison to the mean age of 41.4 years in the Austrian population, pointing in the direction of a higher mean age in the investigated surgeries.[@R24] It is of further interest that the overall prevalence of COPD in our study population was as low as 4.5%, which is in accordance with the results of the Austrian data of the Burden of Obstructive Lung Disease (BOLD) study in which a doctor-diagnosed COPD was found in only 5.6% in the general population.[@R25]

###### 

Demographic parameters and proportions of relevant comorbidities in 12 participating surgeries and demographic data of the Austrian population

  -------------------------------------------------------------------------- ------------------------------------
  Mean number (N) of patients/surgery/year                                   N=1967 (SD 373)
  Mean age (years) of patients visiting surgeries                            49.6 years (SD 3.2)
  Distribution between the sexes (%) in surgeries                            45.3% males 54.7% females (SD 3.8)
  Average proportion (%) of COPD cases in surgeries                          4.5% (SD 2.3)
  Distribution between the sexes (%) in COPD cases in surgeries              55% males 45% females (SD 3.8)
  Average proportion (%) of diabetes cases in surgeries                      8.5% (SD 2.8)
  Average proportion (%) of hypertension cases in surgeries                  23.2% (SD 3.9)
  Average proportion (%) of coronary heart disease cases in surgeries        5.7% (SD 1.3)
  Average proportion (%) of chronic heart failure cases in surgeries         2.5% (SD 1.1)
  Mean age of the whole population of Austria 2010                           41.4 years
  Distribution between the sexes (%) in Austria 2010                         49% males, 51% females
  Mean age of males and females \>35 years in surrounding health districts   59.4 years
  -------------------------------------------------------------------------- ------------------------------------

COPD, chronic obstructive pulmonary disease.

A total of 194 study participants (97 cases and 97 controls) (144 males; 50 females) with a mean age of 65.5 (SD 10.2) years were tested. Ages ranged from 36 to 91 years. Participants' baseline data of cases and controls are listed in [table 2](#BMJOPEN2015008247TB2){ref-type="table"}.

###### 

Baseline data of participants with COPD and controls (matched according to age, sex, hypertension, coronary heart disease, diabetes and chronic heart failure)

  Baseline personal data                          Participants with COPD (n=97)   Controls (n=97)
  ----------------------------------------------- ------------------------------- -----------------
  Mean (SD) age                                   65.5 (10.1)                     65.4 (10.4)
  Women, N (%)                                    25 (25.8)                       25 (25.8)
  Hypertension, N (%)                             54 (55.7)                       54 (55.7)
  Coronary heart disease, N (%)                   18 (18.6)                       18 (18.6)
  Diabetes, N (%)                                 15 (15.5)                       15 (15.5)
  Chronic heart failure, N (%)                    12 (12.5)                       12 (12.5)
  Smoking, N (%)                                  74 (76.2)                       34 (35.1)
  Mean (SD) of BMI                                29.6 (SD 5.5)                   28.9 (SD4.3)
  Mean duration of COPD (years)                   10.2 (SD 6.9)                   
  LTOT, N (%)                                     11 (11.3)                       
  Mean (SD) PaO~2~ (mm Hg)\*                      64.5 (9.3)                      
  Mean (SD) PaCO~2~ (mm Hg)\*                     39.8 (7.0)                      
  Mean FEV1(SD) (percentage of predicted value)   58 (19.8)                       86 (19.5)
  Depression, N (%)                               25 (25.8)                       10 (10.3)

\*PO~2~ and pCO~2~ values were available in only 64% of the participants with COPD.

BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV~1,~ forced expiratory volume in 1 s; LTOT, long-term oxygen therapy.

COPD prevailed in men, as only one quarter of cases and controls were females, a finding which is only partly explainable by the distribution between the sexes (55% males in COPD cases) found in the surgeries and which is only partly supported by the literature.[@R26] [@R27] The most frequent comorbidity was hypertension with more than a half of the cases, followed by coronary heart disease, diabetes and chronic heart failure, all in the range from 18% to 12%. As expected from epidemiological data, the portion of smokers in the COPD group exceeded three quarters.[@R28] 11 cases (11.3%) of patients with COPD needed LTOT, two belonging to the COPD III stage and nine to the COPD IV stage. The mean pO~2~ and pCO~2~ values were 64.5 mm Hg (SD 9.3) and 39.8 mm Hg (SD 7.0), respectively, values which reflect a stable and controlled clinical condition of patients with COPD typical for primary care, which in accordance with the literature does not cause a significant impact on the cognitive function of patients with COPD.[@R29] As expected, the mean percentage of FEV1 (58% of predicted value) was markedly reduced in patients with COPD and in accordance with the fact that the majority of them belonged to COPD stage II (FEV 50--80%). 25.8% of participants suffering from COPD and 10.3% of controls had a diagnosis of a depression in the electronic health record of the GP.[@R30]

[Figure 1](#BMJOPEN2015008247F1){ref-type="fig"} shows the distribution of male and female COPD cases according to different stages with the majority of cases belonging to stage II. This distribution differs from the published national Austrian and international data of the general population investigated by the BOLD study which found a percentage of 34% of COPD II and 61% of COPD stage I.[@R25] [@R33] No significant differences in the mean hearing loss between the different COPD stages I--IV were detectable by ANOVA (p value=0.7).

![Distribution of COPD stages I--IV in males and females. COPD, chronic obstructive pulmonary disease.](bmjopen2015008247f01){#BMJOPEN2015008247F1}

By testing the age cohort---correlation of hearing loss in the COPD and control groups, we calculated the Pearson correlation coefficients of medium strength (0.56, 0.61, p value\<0.001) in the COPD and control groups, respectively. In addition, we investigated the age-dependency of hearing loss in the COPD and control groups by linear regression. A very similar rise in hearing loss with increasing age was found in the COPD (coefficient 0.78) and control groups (coefficient 0.80), but differing constant terms in the COPD (−23.58) and control groups (−28.77) indicates a tendency towards an overall higher hearing loss in the COPD group (all p values\<0.001).

Testing for the main outcome measure by t test resulted in a significant difference in the mean bone conduction hearing loss in the PTA as well as in the score of the HHIE-S questionnaire ([tables 3](#BMJOPEN2015008247TB3){ref-type="table"} and [4](#BMJOPEN2015008247TB4){ref-type="table"}).

###### 

t Test (for paired data) for a difference in mean bone conduction hearing loss (better ear) in COPD cases and controls

  COPD cases and controls tested by PTA   Mean bone conduction hearing loss (better ear) in dB
  --------------------------------------- ------------------------------------------------------
  COPD cases N=97                         27.9 (SD 14.2)\*
  Controls N=97                           23.7 (SD 13.5)

\*Significant difference p=0.006.

COPD, chronic obstructive pulmonary disease; PTA, pure tone audiometry.

###### 

t Test (for paired data) for a difference in the HHIE-S total score in COPD cases and controls

  COPD cases and controls tested with HHIE-S   HHIE-S total score
  -------------------------------------------- --------------------
  COPD cases N=97                              7.79 (SD 8.56)\*
  Controls N=97                                5.53 (SD 8.08)

\*Significant difference p=0.036.

COPD, chronic obstructive pulmonary disease; HHIE-S, Hearing Inventory for the Elderly, Screening Version.

We also assessed the medication of commonly prescribed drugs known to cause a hearing impairment[@R34] like ACE inhibitors, AT2-receptor- antagonists, furosemid, torasemid, xipamid, NSRAs and ASA, opioids, chloroquine and a history of chemotherapy by using a χ^2^ test which resulted in non-significant ORs in COPD cases and matched controls. The prescription of antibiotics could not be investigated reliably from the EHRs of the GPs due to the high probability of a short time prescription by other physicians without recalling this by the patient, leading to a considerable information bias.

To evaluate the influence of other variables on the observed differences of mean bone conduction hearing loss and the HHIE-S total score, a univariate conditional logistic regression analysis was performed.

[Table 5](#BMJOPEN2015008247TB5){ref-type="table"} shows the results for the hearing variables, occupational noise exposure, smoking and depression controlling for age. Significant differences in the hearing parameters between COPD cases and controls were only observed in the mean value of the (sensorineural) hearing loss at the frequencies of 0.5, 1 and 2 kHz in the bone conduction of the better ear (p=0.0098) and in the total score of HHIE-S (p=0.043).

###### 

Univariate conditional logistic regression analysis for hearing impairment variables, occupational noise exposure, BMI, smoking and depression in COPD cases and controls controlling for age

                                                    p Value    OR (95% CI)
  ------------------------------------------------- ---------- -----------------------
  Hearing problems in general                       0.34       0.85 (0.51 to 1.19)
  Difficulties in a face-to-face conversation       0.20       1.45 (0.88 to 2.02)
  Difficulties in a group conversation              0.17       1.38 (0.92 to 1.84)
  Whispering voice test                             0.84       1.08 (0.37 to 1.79)
  Mean air conduction hearing loss (better ear)     0.39       1.01 (0.99 to 1.03)
  Mean bone conduction hearing loss (better ear)    0.0098     1.04 (1.00 to 1.07)
  Mean sound conduction loss\*                      0.08       0.96 (0.92 to 1.06)
  HHIE-S total score                                0.0432     1.04 (1.00 to 1.08)
  Hearing loss ≥40 dB at 1 or 2 kHz in both ears    0.51       1.34 (0.47 to 2.20)
  Hearing loss ≥40 dB at 1 and 2 kHz in one ear     0.82       1.12 (0.16 to 2.07)
  Sensorineural hearing loss (better ear) ≥25 dB†   0.16       1.67 (0.95 to 2.38)
  Occupational noise exposure                       0.81       1.04 (0.71 to 1.38)
  BMI                                               0.40       1.02 (0.97 to 1.08)
  Smoking                                           \<0.0001   10.15 (9.19 to 11.11)
  Depression                                        0.010      2.87 (2.07 to 3.68)

\*Sound conduction loss means the difference between hearing loss in bone and air conduction.

BMI, body mass index; COPD, chronic obstructive pulmonary disease; HHIE-S, Hearing Inventory for the Elderly, Screening Version.

†A hearing loss in the bone conduction of at least 25 dB is considered as moderate hearing impairment.

The result of the multiple conditional logistic regression for the significant variables shows that smoking (OR 9.72, 95% CI 3.62 to 26.05, p\<0.0001) remained a significant factor, but that the mean value of the hearing loss at the frequencies of 0.5, 1 and 2 kHz in the bone conduction of the better ear turned out to be non-significant (OR 1.03, 95% CI 0.98 to 1.07, p\<0.23) and that depression (OR 2.44, 95% CI 0.88 to 6.78, p=0.09) and the HHIE-S total score (OR 1.01, 95% CI 0.96 to 1.06, p=0.72) lost its significance as well.

Discussion {#s4}
==========

The results of this study do not support the hypothesis that there is a clinically relevant difference in the hearing performance of patients with COPD which can be measured with practicable tools for use in general medical practice. This was assessed by pure tone bone-conduction and air-conduction audiometry (PTA), the WVT, the application of HHIE-S and by asking three questions concerning a self- perceived hearing disorder. Therefore, routine diagnostic testing for hearing impairment of elderly patients with COPD do not provide benefits which go beyond possible benefits of screening for hearing loss in the general population in elderly patients.[@R35] However, our study confirmed findings of other authors that cigarette smoking is a significant risk factor for hearing loss.[@R36] As known in other epidemiological studies and in accordance with the literature, we could observe significantly more cases of depression in patients suffering from COPD when applying univariate logistic regression analysis.[@R3] [@R30] [@R32] [@R37] Since patients were matched with respect to other common chronic diseases known to be risk factors for a depression (eg, diabetes), the magnitude of association between COPD and depression could have been weakened.[@R38] [@R39]

Though we found a small but significant difference in the mean hearing loss in bone conduction as well as in the HHIE-S total score, further analysis using multiple conditional logistic regression analysis for the significant variables, however, resulted in a loss of significance of the HHIE-S score and mean hearing loss in bone conduction, so only smoking retained its significance as a risk factor in COPD patients.

One reason to initiate this study was our clinical impression that patients with COPD more often show a hearing impairment. Although there is evidence from specialised research in auditory laboratories that COPD and chronic hypoxaemia have a measurable impact on the auditory function of patients suffering from COPD concerning significant differences for all auditory measures,[@R5] clinically relevant differences between an individually matched group of patients with COPD and controls with the same relevant comorbidities in the general practice setting of this study are not detectable. The lack of differences in the mean hearing loss between different COPD stages can possibly be explained by the high number of cases with a near-normal pO2, by an individually different susceptibility to a low pO2 and by the difficulty of judging the influence of LTOT.

Besides all considerations on hearing impairment, the study confirmed the correlation of COPD and smoking, as we detected a much larger number of smokers in the COPD group.

Strengths and limitations {#s4a}
-------------------------

To the best of our knowledge, this is the first matched cohort study to investigate the role of COPD as a possible risk factor for hearing impairment which was performed in comparable average general practices using individual matching to increase the statistical power. The strength of our study lies in the recruitment of regular patients and controls in primary healthcare, considering major clinically relevant comorbidities by matching. Although the study needed extra time, it is shown that the questions and tests used in the study could be integrated in the daily work of average general practices. By these measures, we were able to clarify that COPD is not a significant risk factor for a clinically relevant hearing impairment in the general practice setting.

There are some limitations in our study, especially concerning the selection process of the 12 participating GPs who were recruited at various continuing medical education activities.

Since only one quarter of the study population were females, a selection bias cannot be excluded, although an inquiry at the biggest health insurance company of Lower Austria (covering approximately 63% of all insured) concerning the prescription of COPD-specific anticholinergic drugs (ATC R03BB) revealed significantly more prescriptions in males (OR m/f:1.59, CI 1.55 to 1.64, p\<0.0001) (MS, personal communication, 2015). Also, since there is evidence in the literature that women may be more vulnerable to smoking, the results of our study could underestimate the influence of COPD on hearing impairment in women.[@R40]

We could test patients and controls in only a relatively small number of practices in just two health districts of Lower Austria which impairs the generalisation of our findings.

The testing was not done blinded, as the mobile testing team knew if the patient suffered from COPD or not. Since the majority of our cases belonged to the COPD II group, the chronic hypoxia was perhaps not severe enough to cause a pronounced and clinically meaningful effect on the inner ear, leading to a more conservative estimate of the differences.[@R6]

Implication for clinical practice and public health {#s4b}
---------------------------------------------------

Though COPD is a chronic disease affecting various organ systems and also causing a significant influence on the auditory function, the clinical relevance in the primary care setting is not given. We therefore cannot recommend a special screening for hearing impairment in elderly patients with COPD.

Unanswered questions and future research {#s4c}
----------------------------------------

Since the number of COPD GOLD III/IV cases with and without LTOT was low in our study, the possibility of a clinically relevant hearing impairment in this group of patients cannot be excluded. To overcome the study's limitations concerning the low number of COPD stage III/IV cases, the low number of practices as well as the over-representation of women, the study should be re-performed with a larger set of COPD GOLD III/IV patients.
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